The "singing formant" is a high spectrum envelope peak near 2.8 kHz characteristic of vowel sounds produced in male Western opera and concert singing. An acoustical model of the vocal tract is capable of generating such a peak provided that three conditions are met: (i) The cross-sectional area in the pharynx must be at least six times wider than that of the larynx tube opening. If so, the larynx tube is acoustically mismatched with the rest of the vocal tract, and an extra formant is added to the vocal tract transfer function. (2) The sinus Morgagni must be wide in relation to the rest of the larynx tube. This may tune the frequency of the extra formant to a value between the frequencies of the third and fourth formants in normal speech. (3) The sinus piriformes must be wide. This reduces the frequency of the fifth formant to about 3 kHz. X-ray studies of a raised and lowered larynx showed that these three conditions may be fulfilled when the larynx is lowered. Thus, the larynx lowering, typical of male professional singing, seems to explain the "singing formant" and other formant frequency differences between normal speech and male professional singing.
INTRODUCTION
The "singing formant" or the "2. only one instead of beth pockets has a small effect. The zero appears somewhere between 3 and 4 kHz for a pocket depth of 2 cm. Recalling that a spectrum envelope minimum often can be observed in this frequency region in spectra of sung vowels, we can suggest that this minimum probably stems from the sinus pitiformes.
The sinus piriformes also affect the formant frequencies. Provided that the area raUo between the larynx tube opening and the pharynx tube is smaller than 1:6, the sinus piriformes can be expected to be equivalent to a length increase of the pharynx. Those formant frequencies will drop in particular which correspond to standing wave resonances in the pharynx tube, e.g., the second formant in front vowels. Thus we may expect that the sinus pitiformes affect the formant frequencies in a manner that depends on the articulation, i.e., the Figs. 2 and 6 ). In both cases we observe a fourth formant frequency essentially unaffected by the articulation, a fifth formant that is constantly.tow in frequency, and a second formant that drops considerably under conditions of fronted constriction. Differences occur in the first formant frequency, which drops in the model experiments but is slightly higher in singing than in speech. This discrepancy is probably explained by the fact that the jaw opening tends to be larger in singing than in speech, since a wide jaw opening tends to raise the first formant frequency.
•v Another discrepancy is the behavior of the third formant, which• however, can be explained by the sensitivity which this formant exhibits to the position of the tongue tip. Therefore, the experiments seem to suggest that the formant frequency differences observed between spoken and sung vowels can to a large extent be explained with reference to changes in the pharynx and larynx tubes associated with a lowering of the larynx.
Shifts in formant frequencies are accompanied by aiternLions of the spectrum envelope. Measured changes in the spectrum envelope due to the presence of a wide sinus Morgagai, the sinus piriformes, and to a rise in [he third formant frequency can be studied in Fig. 7 . The values were obtained from the model sLmulating an articulation similar to that of an [u] . The daxnping effect of the sinus pitiformes is counteracted when the sinus Morgagni is expanded and [-he frequency of the third formant is raised. This rise is typical for sung back vowels, and it can be ascribed to the more fronted tongue tip.
The maximum gain in spectrum amplitude around 3 kHz is about 20 dB. This value agrees with the initially observed difference between a spoken and a sung [u]. The conclusion therefore seems justified that a singer is capable of generating a "singing formant" by adjusting his sinus Morgagni, sinus pitiformes, and in the back vowels, the location of his tongue tip. Except for the tongue tip movement these effects are presumably secondary consequences of a lowering of [he larynx.
Vl. DISCUSSION
Our results suggest that a singer is able to produce a vowel with a "singing formant" using his vocal chords and vocal tract exclusively.
Given the explanation suggested above, there is no motivation to postulate "chest resonance," "head resonance," "singing in the mask," etc., i.e., they appear to lack acoustical relevance for the tone. On the other hand, these terms play a predominant role in current vocal pedagogy. The reason for this might be that these terms describe patterns of vibration sensaUons that appear only when the tone is properly produced. Perhaps recognizing the vibrations accompanying good tones is an efficient way to control vocal production. 
VII. CONCLUSIONS
The acoustically most essential articulatory difference between maie speech and singing appears to be the widening of the pharynx at the level of the larynx tube opening. Such a widening of the pharynx seems to be accompanying a lowering of the larynx. Acoustically, the pharynx widening has the effect of isolating the larynx tube from the rest of the vocal tract so that its resonance frequency is not altered by articulatory movements outside it.
Its resonance can be tuned to a frequency between the third and fourth formant in normal speech by adjusting the volume contained in the sinus Morgagni to the opening area of the larynx tube. An additional effect of a larynx lowering is that it increases the dimensions of the sinus pitiformes and the length of the pharynx tube. This lowers the fifth formant frequency and in front vowels also the second. In this way a great deal of the acoustical differences between spoken and sung vowels in male voices can be explained with reference to the larynx lowering, the major articulatory gesture associated with the production of a "singing 
